Introduction
The June 28, 1992, Mw 7.3 Landers earthquake occurred in the southeastern Mojave Desert, California, approximately 180 km east of Los Angeles (see Figure 1 ) and caused a surface rupture extending over a distance of more than 70 km. Near the epicenter, the surface displacement on the fault trace was approximately 3 meters; near the northern end of the fault, the displacement reached 6.7 meters [Sieh et al., 1993] . This earthquake was the largest to occur in the contiguous United States since the Kern County, California, earthquake (Ms 7.7)in 1952.
More than 10,000 aftershocks of the Landers earthquake were recorded by the Caltech-USGS Southern California Seismic Network (SCSN) in 1992. In order to investigate the relationship between structural heterogeneities and variations in seismicity, we used a tomographic method to invert a large number of arrival times from the Landers earthquake aftershocks for the determination of a three-dimensional (3-D) crustal structure model beneath the aftershock area and accurate hypocentral locations of the aftershocks.
Data and Method
We selected 3740 aftershocks which are recorded by more than 9 stations and have reliable hypocentral locations. In order to have a good ray coverage of the study area (see Figure 1) , we also selected 1148 earthquakes which occurred in the period from January 1981 to May 1992. All these earthquakes have more than 20 P wave arrival times. Figure  2 shows the epicentral distribution of the total 4888 events we selected, which are, on the whole, uniformly distributed in the study area.
Copyright 1993 by the American Geophysical Union.
Paper number 93GL01239
0094-8534/93/93GL-01239503.00 Figure 3 shows the distribution of seismic stations used. Five temporary stations have been added to the permanent SCSN stations in this area since the beginning of July 1992 to locate the aftershocks more accurately. In total, we used 60 seismic stations in the present study. ity model for the routine earthquake location by SCSN was derived from this structure.
We conducted a number of inversions by changing the grid spacing between grid nodes which are set up in the study area. Through resolution analyses for the different grid spacings, we found that a grid spacing of 5 km is adequate for the present data set and gives a reasonable result. A composite model for the P wave velocity structure was then constructed by averaging the results of a series of inversions for which the grid spacing was kept fixed but the grid as a whole was shifted systematically by 2 km in the latitude, longitude and depth directions. Typically the in- If this correlation generally holds, it has an important implication that seismic rupture zones are fixed in space throughout many earthquake sequences. To obtain more definitive pictures, however, higher resolution tomographic models are required.
Conclusions
We have used a large number of arrival times from the 1992 Landers earthquake aftershocks and other events to investigate the crustal structure in and around the aftershock region. A detailed P wave tomographic image is determined with a spatial resolution of approximately 5 km and hypocentral locations are improved with the obtained 3-D velocity model. The results show a correlation between seismicity patterns and velocity patterns and a tendency for regions rich in seismicity to be associated with higher velocities. We consider that the high velocity areas are probably brittle and strong parts along the fault zone, which are responsible for generating the mainshock and aftershocks; while low velocity areas probably have a weak and ductile feature which may not effectively generate earthquakes. This result suggests the possibility that earthquake occurrence is closely related to the in situ material heterogeneities.
